Bays, and much longer in West Bay. A previous study (Robertson et al. 2005) found that
150
Muskellunge Creek contributed 43-53% of the total inflow to the lake and 53-62% of the TP; the 151 remainder is primarily groundwater entering East and Upper East Bays and rainfall.
152
The watershed of LSG is ~25 km 2 , and is predominantly forest (68%), wetland (17%), and 153 water (24%), although low-density residential areas are present, especially immediately around 154 the lake ( Fig. 1 ; Robertson et al. 2003 sampling and analytical protocols are described in Marsh et al. (2012) . All Citizen Lake
170
Monitoring was done in accordance with protocols described by Wickman and Herman (2005) .
171
During all open-water sampling, near-surface samples were collected at the same locations, at a 172 similar sampling frequency, and using relatively similar sampling techniques. When computing 
176
During 1991-2013, the USGS conducted four intense studies, which also examined winter 177 water quality and tributary loading, as part of cooperative studies with the LSG Lake District. In 178 a 1991-94 study, water quality throughout the lake was quantified. In a 1994-2000 study,
179
extensive areas of winter anoxia were found in Upper East and South Bays and water and P
180
budgets of the lake were quantified, which demonstrated that Muskellunge Creek was the 181 dominant P source to the lake (Robertson and Rose 2000) . The study also found that TP in
182
Muskellunge Creek were much higher in 1997 than in 1999, especially in mid to late summer.
183
The higher TP concentrations and resulting higher P loads were believed to be caused by release 184 of P from upstream impoundments and marshy areas flooded by beaver activity (W. Egtvedt,
185
Vilas County Forestry, written commun., 1994). 2010-13 study, changes in stream water quality were further evaluated.
198
Inflow and P loading to LSG were determined for five separate years (1997, 1999, 2001, 199 2011, and 2012) from flow measurements and water samples collected at LSG Inlet (Fig. 1) .
200
During Sept. 1996 -Oct. 97 and Dec. 1998 -Dec. 2000 
External loading to LSG

315
To determine how external P loading, which is affected by interannual differences in 316 streamflow and possibly impoundments associated with beaver activity, affects the water quality 317 of LSG, inflow, P concentrations and P loading were determined for 1997, 1999, 2001, 2011, 318 and 2012 at the LSG Inlet and at Muskellunge Lake Outlet for 2001, 2011, and 2012 (Table 3; 319 (Table 3) . Approximately 20-30% of the TP load reaching LSG 333 originated from upstream Muskellunge Lake, the remainder came from sources in the area 334 between the lakes (primarily groundwater and instream sources).
335
To determine if differences in sampling strategies among years affected average-annual and 336 average-summer flows, concentrations, and loads, the streamflow and water-quality data from 6.5% and -5.5-12.7%, TP loads of -1.7-7.1% and -5. from being borderline oligo-mesotrophic to borderline meso-eutrophic (Fig. 4) . Bay (Fig. 2) . 2006 was a warm summer with high annual and summer precipitation (Table 3) .
468
Variability in air temperatures had a strong effect on interannual variations in water quality.
469
During warmer years, there were increases in CHL throughout the lake and decreases in SD, Bay inhibiting the transfer of P generated from internal P loading in this basin.
488
The effect of changes in precipitation is discussed with external loading. 2001 in the East Bay is even more apparent (Fig. 8) impounded water could result in increased TP concentrations in the stream.
575
In most lakes, variations in external P loading drive interannual and long-term changes in 576 water quality and was shown to be significantly related to TP concentrations in LSG (Table 4) . it is difficult to quantify the effects of beaver activity, but it is believed to be similar to 1997. If
589
TP concentrations in Muskellunge Creek prior to 1997 were similar to those in 1997, then beaver 590 activity, which appears to have affected stream water quality, appears to have had little effect on 591 LSG's water quality, which was quite variable (Figs. 3 and 8) .
592
In most lakes, it may be expected that variations in precipitation and external loading would conducted over a period as long as evaluated here; therefore, it is difficult to observe the 637 complete effects of the factor(s) being examined (Carpenter 1998). Time series studies also often 638 suffer from having multiple factors possibly leading to the observed change or lack of change.
639
In LSG, various short-term "monitoring" studies were conducted in the process of trying to 1998) can we be more certain that management actions, such as winter aeration, consistently 648 affect water quality in other lakes. Additional studies using a range of the approaches described 649 above also will better enable the full range in potential effects of climate change to be estimated. 
